in the frcg ( The endolymphatic sac arises, as the endolymphatic duct, from the region where the sacculus and utriculus of the membranous labyrinth unite. Typically it is a slender structure which passes medially to terminate as a slight diverticulum within the cranial cavity, but among some of the lower vertebrates the endolymphatic sac enlarges and becomes distended with calcareous crystals. In the anuran frogs the sac passes from the otic region of the skull into the cranial cavity where it lies in an interdural space above the brain. It also penetrates the vertebral canal and extends caudally over the dorsal part of the spinal cord ( 18). The whole system is filled with crystals of aragonite (1) which cause the saccus to protrude between the intervetebral foramina to form the typical calcareous sacs which overlie the spinal ganglia of the adult frog (Fig. 1) . The experiments were performed on the common English frog Rana tem~oraria.
The animals were kept in running tap water for several weeks prior to their use and no attempt was made to feed them. Frogs will normally remain in a healthy state for many months without food and it was important in these experiments to starve the animals in order to avoid fecal contamination of the urine.
The frogs were kept in the laboratory in plastic funnels half-filled with glass beads upon which the animals could sit. The funnels were sealed at the bottom with clipped rubber tubes so that they could be filled with 50 ml of water. In the first experiments the frogs were placed in deionized water but this was later replaced with a 2 rnM solution of sodium chloride so as not to upset the osmoregulation of the animals. This refinement had no effect on any of the results obtained.
The water in the funnels half covered the frogs and could be drained off by releasing the rubber tubing. An inverted funnel prevented the -animals from escaping and provided an inlet for an air line. The frogs were normally studied in these chambers for l-2 weeks after which they were transferred to a plastic container and put into respiratory acidosis. The plastic container was subdivided to hold eight animals all of which breathed the same gas mixtures although they were individually housed in 50 ml of water which could again be withdrawn daily. The water drained off from each frog was analyzed for calcium by means of an ethylenediaminetetraacetic acid titration using murexide as an indicator and with the end point determined photoelectrically (6). Proteins were In the early experiments the frogs were exposed to carbon dioxide and air mixtures of various proportions prepared by adjusting the gas flow through calibrated Rotameter tubes. The exact composition of the gases prepared in this way varied slightly from day to day and for more exact work the animals were supplied from cylinders of compressed gases. Various mixtures of from 5 to 20% carbon dioxide in oxygen were given in this form at a rate of about 250 ml/min.
Care was taken to equilibrate the water to be put into the respiratory chambers with these gases before they were introduced since the frog has a large exchange of respiratory gases across the skin. The frogs which were used in these experiments normally weighed from 25 to 35 g and had an estimated total blood volume of only l-2 ml. Only about 0.5-1.0 ml of this blood can be withdrawn under normal circumstances so that frogs have to be killed in order to get a blood sample and only one complete set of pH, Pcoz , and bicarbonate analyses can be obtained for each animal. in heparinized capillary tubes from a cardiac puncture after the animals had been given a severe blow on the head. Three blood samples are necessary for the analyses used and these were all obtained within l-2 min of the animal being removed from the respiratory chamber.
If the animal had been subjected to a high Pcoz the blood samples were taken from the frog while it was retained in a plastic bag containing the gas mixture to which it had been acclimatized. The frogs were decapitated immediately after the blood samples were obtained.
The first sample removed from the frog was used to obtain a pH reading for the blood by using a Radiometer Samples of blood were also taken from 6 normal frogs and from 16 frogs which had been exposed to 10 7c carbon dioxide in oxygen for from l-3 days. 
RESULTS
When frogs are placed in deionized water there is at first a large loss of calcium from the animal. This rapidly declines and approaches a constant value (Fig. 3) . After 4 days in deionized water the calcium loss has fallen to about 2 p~/24 hr which is just significantly different (P = 5 %) from the calcium loss if the frog is retained for a further 4 days. Frogs were normally washed for at least 8 days before being put into acidosis.
The analyses of the data from all the animals that were later used in experiments are shown in the upper half of Table 1 . There is no significant difference in the calcium loss during the last 3 days of this washing. The phosphate loss from the frogs also decreases during the period in deionized water but it remains at a much higher and more variable level of about 10 p~/24 hr. There is again no significant difference during the last 3 days of the treatment indicating that the animals are in a steady state condition ( Table  1 ).
The quantity of calcium lost from a frog increases enormously when the animals are exposed to atmospheres containing carbon dioxide.
The magnitude of the increase is related to the partial pressure of carbon dioxide and in all cases the increase over control values is highly significant.
There is also an increase in the quantity of phosphate lost from the frogs but this is more variable and not always significantly different from control values except in the more severe experiments ( Table  1 ). The loss of calcium from the frog exposed to high carbon dioxide gas mixtures shows a characteristic pattern of responses with time. The initial rapid rise lasts for only a short time and then progressively falls off so that after about 5 days it is almost back to its original value (Fig. 4) . The quantity of phosphate lost from the acidotic animal is more variable than the loss of calcium and the only trend is a tendency towards increasing amounts. 1111 some experiments, e.g., in Fig. 4A there is no increase in phosphate loss.
When frogs are returned to air after 3 days in an elevated carbon dioxide environment, calcium excretion falls to control values or lower. If the frogs are then returned to the same COZ-02 mixture as before, the increase in calcium excretion is much less than it was during the initial carbon dioxide exposure (Fig. 5) .
The results of the analyses of the blood of treated frogs can be expressed as base excess values or as bicarbonate concentrations.
The base excess values were determined graphically by measuring the displacement of the log Pco*/pH lines and comparing them with the standardization lines shown in Fig. 2 Samples of blood taken from frogs within 2 hr of their being exposed to carbon dioxide showed that they rapidly equilibrated with the experimental gas mixtures. Thus the pH of the blood fell rapidly when the animals were put into respiratory acidosis. In all cases, however, there was a rapid compensation and the pH of the blood had started to rise within 24 hr (Fig. 6 ). The exact timing and extent of these compensatory responses depended upon the degree of acidosis imposed (Figs. 6 and 7) but in all cases they had the following characteristics: First, the compensation was fast and virtually complete within from 2 days (for 5 % carbon dioxide) to 5 days (for 20 % carbon dioxide). Secondly, the compensation stopped before the pH of the blood had returned to its original value. Thirdly, the slowing down and cessation of the changes in blood pH correlated with the decline in the quantity of calcium lost from the frog. The plasma calcium level of six control frogs was 2.5 =t 0.3 mEq/liter. This fell during the first 2 days of acute acidosis but then returned to its original value (Table 3) .
The hemoglobin content of the blood of 14 frogs averaged 8.8 & 2.3 g/100 ml.
DISCUSSION
The excretion of calcium by R. esculenta in distilled water was studied by Krogh (4) who found that the quantity lost via the urine declined from 3.2 to 1 .O pmoles/kg per hr during a period of 10 days. There was a fairly constant loss of 2.8 pmoles/kg per hr from the skin. It is therefore apparent that the skin can be an important avenue for the loss of calcium ions from the frog and in the present experiments the cutaneous and renal losses of calcium have been measured together. The average calcium loss from 76 specimens of R. temporaria after they had come to a steady state in deionized water was about 1.53 pmoles per frog per 24 hr, or about 2 pmoles/kg per hr, which is a similar value to that found by Krogh.
These steadv-state values constitute the control observations necessary to determine whether calcium car-631 bonate deposits in the endolymphatic sacs contribute to buffering respiratory acidosis in the frog. If these deposits were so used then the amounts of both calcium and bicarbonate ions would increase in respiratory acidosis. The evidence indicates that this is, in fact, the case for the average total calcium loss from 34 frogs increases three-to fourfold when the animals are put into respiratory acidosis with 5 % carbon dioxide. The base excess of the blood increases by about 8-9 mEq/liter for the animals referred to in Table 2 , raising the blood pH from about 7.25 to 7.40 in the first 48 hr of acidosis. The average increase in the calcium loss from the animals during the same period is 10.4 pmoles and the phosphate excretion increases by 2.9 pmoles. These results are therefore in keeping with the suggestion that in the frog increases in carbonic acid are, at least partially, buffered by dissolving calcareous deposits. There are, however, a nurnber of other possible explanations.
In this study, the in vivo responses to respiratory acidosis include not only buffering by blood but also other extracellular and intracellular buffering as well as renal compensations (7). In this regard it is likely that some bicarbonate ions arise from sources other than the calcium carbonate deposits, perhaps as described by equation 2 due to bone dissolution. With bone dissolution phosphate ions would also be liberated.
An increased excretion of phosphate is, however, a typical response of many animals to acidosis and it is generally thought to be at least partly derived from the soft tissues (7). In the present experiments phosphate excretion increased during acidosis but the results are very variable and not always significant (e.g., Fig. 4 , A and B) except in the more severe forms of acidosis. In these extreme cases, however, the increased excretion of calcium and phosphate ions is highly significant and occurs in the ratio of 1.62 : 1 which is close to the ratio found in bone (Table 1 ). This may be purely coincidental but it obviously needs further investigation. It will be apparent therefore that although there is circumstantial evidence to suggest that the calcium carbonate deposits of the frogs' inner ear are dissolved during acidosis the suggestion relies a great deal upon the observed increase in the excretion of calcium. For a 30-g frog in 5 % carbon dioxide this amounts to 10.4 pmoles in 48 hr. The phosphate excretion is 2.9 pmoles over the same period and if it is assumed that this has all been derived from bone it accounts for 4.8 pmoles of calcium. This leaves 5.6 pmoles calcium as being possibly of carbonate origin i.e., as a source of 11. These calculations indicate that the schemes described by equations I and 2 are in keeping with the experimentally observed results and that the mineral deposits of the frog could account for a significant fraction of the buffering of the animal exposed to carbonic acid. This c leaves unexplained, however, both the normal decline in calcium loss with sustained acidosis (Fig. 4) and the incomplete compensation for blood pH which actually occurs (Fig. 6) are shown in Fig. 8 . It is apparent that when the frog is placed in 5 % carbon dioxide there is an immediate large rise in the bicarbonate level of the blood and an equally dramatic fall in the carbonate level. The reason for the fall in blood carbonate is apparent from equation 3 for if the buffering ability of the blood is poor, the ratio A PHCO~/A pH is less than unity and the carbonate concentration decreases correspondingly. The main buffer of the blood is hemoglobin and this was found to be present at the relatively low concentration of 8.8 g/ 100 ml in the blood of R. ternporaria. Thus, because of the poor buffering of the blood a rise in carbon dioxide tension leads to a fall in the carbonate ion concentration ( 15), causing more calcium carbonate to dissociate. This process continues until the solubility product is again obtained.
The calcium ion concentration of the blood is normally regulated at a constant level by calcitonin and the parathyroid hormone. During acidosis there is a tendency for hydrogen ions to displace calcium ions from the plasma proteins so that for a constant calcium ion concentration there is a fall in total plasma calcium. These changes appear to occur in the plasma calcium levels of the acidotic frog (Table  3 ) and can be interpreted as indicating the maintenance of a constant calcium ion concentration.
Certainly there is no evidence for a rise
